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Abstract
Centrality dependence of J/ψ production in Au-Au collisions at
√
sNN = 200 GeV is studied
using the Glauber model plus the kinetic formation model. Initial J/ψ production and destruction
by incoming nucleons are described by the Glauber model. J/ψ-charm equilibration in the gluon
plasma is described by the kinetic formation model. We explore the possibility of J/ψ suppression
suggested by the recent PHENIX data. We show that the J/ψ yield monotonically decreases with
increasing centrality in the kinetic formation model when the charm mass is smaller than a critical
mass. The final J/ψ yield is between the value after the Glauber suppression and the dynamical
equilibrium value. This underscores the importance of both J/ψ production from d-Au collisions,
which is essential in determining the Glauber suppression, and high statistics Au-Au data, which
can further constrain final state J/ψ-charm equilibration.
PACS numbers: 25.75.-q,24.85.+p,14.40.Lb
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I. INTRODUCTION
Relativistic heavy ion collisions have been used for the search of the Quark-Gluon Plasma,
a deconfined nuclear matter that is believed to have existed at about one micro-second after
the big-bang [1, 2, 3]. The existence and properties of the Quark-Gluon Plasma are reflected
in the particle spectra produced in these collisions. One important particle that is sensitive
to the Quark-Gluon Plasma production is the J/ψ particle. As color screening in the Quark-
Gluon Plasma can dissociate the J/ψ particle, J/ψ suppression relative to the yield from
the superposition of nucleon-nucleon collisions can be used as a signal of the production of
the Quark-Gluon Plasma [4].
In realistic collisions, the J/ψ particle can also be destructed by incoming nucleons in the
colliding nuclei. This is shown clearly by the proton-nucleus collision data [5, 6, 7] where
hot and dense nuclear matter is not expected to be produced. Collisions between the J/ψ
particle and comovers produced in heavy ion collisions can further modify the J/ψ yield
[8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21]. Hence detailed phenomenological models
are necessary for the interpretation of J/ψ production data. By comparing theoretical
expectations and experimental results, an abnormal J/ψ suppression in Pb-Pb collisions at
the Super-Proton-Synchrotron (SPS) [22] has been identified which indicates the production
of hot and dense nuclear matter at the SPS energies.
At the Relativistic Heavy Ion Collider (RHIC) energies, there are on average more than
one charm-anti-charm quark pair produced in each event. This opens the possibility of
producing the J/ψ particle in the deconfined phase via the reaction c + c¯ → J/ψ + g [23].
Other possibilities involving J/ψ equilibration at the hadronization time have also been
proposed [24, 25, 26]. Many interesting studies have been made on the phenomenological
consequences of different production mechanisms [27, 28, 29, 30, 31, 32, 33, 34]. It was
demonstrated by the kinetic formation model that at collider energies, due to charm re-
combination, J/ψ enhancement may be the signal of Quark-Gluon Plasma production, in
contrast to the traditional J/ψ suppression scenario. Recently, data on J/ψ production at
RHIC have been released [35, 36]. No significant J/ψ enhancement was observed.
In this paper, we will explore the possibility of J/ψ suppression in the framework of
the kinetic formation model. In particular, we make the following variations of the original
kinetic formation model.
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(1) Recent pertubative Quantum Chromodynamics (QCD) studies of the charmonium
spectrum [37, 38, 39, 40] give a charm mass mMSc (m
MS
c ) = 1.243 GeV, different
potential models [41] give mc = 1.5 GeV to mc = 1.8 GeV, preturbative QCD studies
of charm production [42, 43] in hadron collisions give a charm mass from mc = 1.3
GeV to mc = 1.5 GeV, a recent Nambu-Jona-Lasinio model calculation [34] gives
mc = 1.6 − 1.7 GeV. We will vary the charm quark mass between 1.3 GeV and 1.9
GeV to study the effect of the threshold of J/ψ production on J/ψ-charm equilibration.
(2) J/ψ break-up cross section by a gluon was calculated in perturbative QCD [44, 45].
The final state is a pair of charm and anti-charm quarks and the cross section decreases
with the center-of-mass energy of the J/ψ-gluon system. As the energy increases, the
break-up is accompanied by additional parton radiation. We will model this effect by
using a J/ψ break-up cross section that is a constant in energy and varies between 1
mb and 6 mb and compare this with the dipole cross section results.
(3) The original kinetic formation model uses an averaged uniform parton density in the
transverse plane. This may underestimate charm-equilibration. In the following, we
will use the Glauber model to study particle production and this leads to a better
description of the evolution by local temperatures.
(4) We make use of the recent discovery by the PHENIX collaboration and various theo-
retical approaches [46, 47, 48, 49, 50, 51, 52, 53] that there is no strong charm energy
loss in relativistic nuclear collisions. We also use the recent PHENIX J/ψ data in pp
collisions [35] to normalize our calculations.
In the next section, the Glauber model and the kinetic formation model will be introduced.
We will use the Glauber model to describe the destruction of initial J/ψ’s by incoming
nucleons and use the kinetic formation model to describe J/ψ equilibration in the Quark-
Gluon Plasma. The results will be presented in section III. Then we will discuss the
implications of our study.
II. THE GLAUBER MODEL AND THE KINETIC FORMATION MODEL
In nucleus-nucleus collisions, initial J/ψ’s are produced by the collisions between incoming
nucleons. Once a J/ψ is produced, other nucleons following the collision that produces the
3
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FIG. 1: Nucleus-nucleus collision transverse geometry. The reaction plane is determined by the
x-axis that goes along the impact parameter vector ~b and the z-axis that goes along the beam
direction. In this figure, the z-axis points out of the paper. The transverse position vector ~s starts
at the center of the overlapping region.
J/ψ will have opportunities to collide with it and turn it into a charm-anti-charm pair. The
number of J/ψ’s that are produced by collisions between incoming nucleons and survive
further collisions with other nucleons can be written as
NAB→J/ψ(b) =
∫
d~sσNN→J/ψtA(~s+
~b
2
)tB(~s−
~b
2
)SA(~s+
~b
2
)SB(~s−
~b
2
). (1)
In the above formula, ~b is the impact parameter vector, and ~s is the transverse position.
They are shown in Fig. 1 along with the transverse coordinate system. σNN→J/ψ is the J/ψ
production cross section in nucleon-nucleon collisions. tA and tB are the nuclear thickness
functions of nucleus A and nucleus B, while SA and SB are the average survival probabilities
of a J/ψ after passing through nucleons in nucleus A and nucleus B. The normalization by
the probability of a nucleus-nucleus collision at impact parameter b, σAB(b), is not included
as it only affects very peripheral events.
We will focus on J/ψ production in Au-Au collisions. To simplify the calculations, a
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nucleus is taken to be a hard sphere with uniform nucleon density ρN inside, and the radius
is determined by R = r0A
1/3 (r0 = 1.12 fm and A is the number of nucleons inside the
nucleus). The number of survived J/ψ’s can now be written as:
NAuAu→J/ψ(b) =
σNN→J/ψ
σ2J/ψN
∫
d~s(1− exp(−2ρNσJ/ψNz0))(1− exp(−2ρNσJ/ψNz′0)), (2)
where σJ/ψN is the J/ψ break-up cross section due to the collision with an incoming
nucleon and 2z0 (2z
′
0) is the longitudinal length of the row of nucleons inside nucleus
A (B) at transverse position (x, y). More explicitly, z0 =
√
R2 − (x+ b
2
)2 − y2, and
z′0 =
√
R2 − (x− b
2
)2 − y2. The transverse position integration ∫ d~s becomes ∫ dxdy over
the region (x+ b
2
)2 + y2 < R2 and (x− b
2
)2 + y2 < R2.
After the passing of the two incoming nuclei, the J/ψ is immersed in the Quark-Gluon
Plasma. As the initial gluon number is much larger than the initial quark number at RHIC
energies [54, 55], and in addition, light quark chemical equilibration time is much longer
than the expansion time [56], the plasma will be approximated as a gluon plasma. As charm
regeneration in the plasma is [57, 58, 59] neglegible, charm quark number will be kept
constant. There are indications that charm quark thermal equilibration may be possible
[60], and we will assume local thermal equilibrium.
J/ψ equilibration in the plasma is achieved through the reaction J/ψg → cc¯ and its
inverse reaction cc¯ → J/ψg. Assume the rapidity distributions are flat and focus on one
fireball within one unit of rapidity, the J/ψ number NJ/ψ satisfies
dNJ/ψ
dτ
= λFNcρc¯ − λDNJ/ψρg. (3)
In the above, τ is the proper time, Nc is the number of charm quarks per unit rapidity. ρc¯
is the density of anti-charm quarks and it equals the density of charm quarks, ρc. ρg is the
density of gluons.
λF is the reduced J/ψ formation rate through the reaction cc¯ → J/ψg. It equals
〈σcc¯→J/ψgvrel,cc¯〉, where 〈· · ·〉 denotes average over charm and anti-charm quarks, and vrel,cc¯
is the relative speed between a charm quark and an anti-charm quark. When the evolution
is in thermal equilibrium, i.e., the evolution is controlled by one temperature T ,
λF =
1
(2α2cK2(αc))
2
∫
∞
z0
dz(z2 − 4α2c)z2K1(z)σcc¯→J/ψg(s = z2T 2). (4)
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We use αc to stand for the mass of charm quark divided by the temperature, i.e., αc = mc/T .
z0 = max(αc + αc¯, αJ/ψ + αg). Kn(x) is the nth order modified Bessel function. s is the
center of mass energy squared.
Similarly, λD, the reduced J/ψ destruction rate via the reaction J/ψg → cc¯ can be
written as
λD =
1
8α2J/ψK2(αJ/ψ)
∫
∞
z0
dz(z2 − α2J/ψ)2K1(z)σJ/ψg→cc¯(s = z2T 2). (5)
The detailed balance relation,
σcc¯→J/ψg(s) =
dJ/ψg
dcc¯
(kJ/ψg)
2
(kcc¯)2
σJ/ψg→cc¯(s), (6)
relates the two reduced rates. In Eq. (6), dJ/ψg = 48 is the number of degrees of freedom
for the J/ψg system, and dcc¯ = 36 is the number of degrees of freedom of the cc¯ system.
kJ/ψg and kcc¯ are the center-of-mass momenta of the J/ψg and cc¯ systems. After using the
detailed balance relation, we can rewrite λF as,
λF =
dJ/ψg
dcc¯
1
(2α2cK2(αc))
2
∫
∞
z0
dz(z2 − α2J/ψ)2K1(z)σJ/ψg→cc¯(s = z2T 2)
=
dJ/ψg
dcc¯
2α2J/ψK2(αJ/ψ)
α4cK
2
2 (αc)
λD. (7)
In Eq. (3), Nc = Nc,0−NJ/ψ where Nc,0 is the number of charm quarks per unit rapidity
at the initial time τ0. ρc = Nc/V (τ). We use the Bjorken model [61] for the evolution and
the volume V (τ) = V0τ/τ0. The gluon density ρg =
gg
π2
ζ(3)T 3 ≈ 1.95T 3 = 1.95 τ0T 30
τ
.
III. J/ψ PRODUCTION AT
√
sNN = 200 GEV
A. Initial conditions
The initial gluon number, charm-anti-charm quark number, and J/ψ number for central
(b = 0) Au-Au collisions will be specified. For non-zero impact parameters, the total number
of gluons and the total number of charm-anti-charm quarks follow binary collision scaling,
and the J/ψ number follows Eq. (1,2). The transverse density per unit rapidity of gluons
(charm-anti-charm pairs) at impact parameter ~b and position ~s is proportional to tAu(~s +
~b
2
)tAu(~s− ~b2) and is given by
dNg(c)
dyd~s
(~b, ~s) = 4ρ2Nz0z
′
0
1
TAuAu(b = 0)
dNg(c)
dy
(b = 0), (8)
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where TAuAu(b = 0) is the nuclear thickness function at zero impact parameter. It equals∫
d~stAu(~s +
~b
2
)tAu(~s − ~b2) = 4ρ2N
∫
d~s(R2 − s2) = 9
8π
A4/3
r2
0
with A = 197 for Au nucleus. The
initial temperatures are local and calculated from the initial gluon density distribution. The
J/ψ transverse density per unit rapidity needs additional correction factor SAu(~s+
~b
2
)SAu(~s−
~b
2
). It can be written as
dNJ/ψ
dyd~s
(~b, ~s) = 4ρ2Nz0z
′
0
1
TAuAu(b = 0)
dNJ/ψ
dy
(b = 0)F (2ρNσJ/ψNz0)F (2ρNσJ/ψNz
′
0), (9)
where function F (x) = 1−exp(−x)
x
. The initial time is taken to be τ0 = 0.2 fm/c. In central
collisions, the initial gluon rapidity density is dNg
dy
= 300 and charm rapidity density is
dNc
dy
= 2.5. They are in line with perturbative Quantum Chromodynamics (QCD) based
calculations [42, 62, 63]. The initial J/ψ rapidity density before correcting for the Glauber
suppression is
dNJ/ψ
dy
= 0.033. This value comes from the superposition of J/ψ production
from nucleon-nucleon collisions at
√
sNN = 200 GeV using the production cross section
measured by the PHENIX collaboration [35] and the nuclear thickness function at zero
impact parameter. The J/ψ mass is fixed at mJ/ψ = 3.1 GeV. The charm quark mass mc
will be varied between 1.3 GeV and 1.9 GeV. The freeze-out temperature Tf is taken to be
0.15 GeV.
B. Cross sections
The J/ψ-nucleon dissociation cross section σJ/ψN will be varied among 0, 4.4 mb, and
7.1 mb [10, 11, 64, 65, 66]. The J/ψg → cc¯ cross section is taken to be a constant. We
will vary σJ/ψg→cc¯ to study J/ψ-charm equilibration. A comparison with the results from a
dipole cross section will be made to study the effect of the energy dependence of the cross
section.
Fig. (2) shows the J/ψ production and destruction cross sections as functions of the
center-of-mass energy squared s. In Fig.’s (2a)-(2c), σJ/ψg→cc¯ is kept at a constant value
of 3 mb, which is about the J/ψ size in the vacuum. The inverse cross section, σcc¯→J/ψg,
depends on the charm quark mass. When the charm quark mass mc = 1.5 GeV, which
is smaller than the J/ψ production threshold, the inverse cross section starts at zero and
increases with s. It crosses the destruction cross section at s ≈ 40 GeV2. However, when
mc = 1.7 GeV, which is larger than the J/ψ production threshold, there is a peak at the
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FIG. 2: The J/ψ production and destruction cross sections in a gluon plasma as functions of the
center-of-mass energy squared s. In (a)-(c), σJ/ψg = 3 mb. In (d), σJ/ψg is specified in Eq. (10).
threshold. When s increases above the threshold, σcc¯→J/ψg first decreases to below σJ/ψg→cc¯.
It then increases and crosses σJ/ψg→cc¯ at s ≈ 30 GeV. The width of the peak at the threshold
depends on the charm quark mass. The larger the mass, the wider the peak. This can be
seen by comparing σcc¯→J/ψg for mc = 1.7 GeV in Fig. (2b) with σcc¯→J/ψg for mc = 1.87 GeV
in Fig. (2c). In addition, when mc increases, the crossing position decreases. Eventually,
σcc¯→J/ψg is always larger than σJ/ψg→cc¯ as shown in Fig. (2c). We also plot the J/ψg → cc¯
cross section based on a perturbative QCD calculation [44, 45],
σJ/ψg→cc¯ =
2π
3
(
32
3
)2 (2µ
ǫ0
)1/2 1
4µ2
(k/ǫ0 − 1)3/2
(k/ǫ0)5
, (10)
and its inverse cross section in Fig. (2d). In the above equation, µ = mc/2 is the
reduced charm quark mass in the charm-anti-charm center-of-mass system. k is the gluon
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FIG. 3: The reduced reaction rates, 〈σJ/ψg→cc¯v〉 and 〈σcc¯→J/ψgv〉, as functions of the temperature
of the plasma.
momentum, and ǫ0 = 2mc−mJ/ψ is the binding energy of J/ψ. For mc equals the D meson
in vacuum mass 1.87 GeV, the J/ψ destruction cross section has a finite peak near the
threshold. The peak of the cross section is about 2 mb. The production has an infinite peak
at the threshold, and it is always larger than the destruction cross section.
The reduced J/ψ production rate 〈σcc¯→J/ψgv〉 and destruction rate 〈σJ/ψg→cc¯v〉 for differ-
ent cross section choices are plotted in Fig. (3). For mc smaller than the J/ψ production
threshold, when σJ/ψg→cc¯ is a constant, the reduce J/ψ destruction rate is always a constant
and it equals σJ/ψg→cc¯c. In Fig.’s (3a)-(3c), σJ/ψg→cc¯ = 0.3 fm
2. For mc = 1.5 GeV, which is
smaller than the J/ψ production threshold, the destruction rate is a constant and the pro-
duction rate increases with the temperature. The destruction rate is always larger than the
production rate. As mc increases, the production rate increases. When mc is larger than the
9
J/ψ production threshold, the destruction rate decreases with increasing mc. For mc = 1.7
GeV, 〈σJ/ψg→cc¯v〉 starts from a value smaller than σJ/ψg→cc¯c. It increases with temperature
to approach σJ/ψg→cc¯c = 0.3 fm
2c. 〈σcc¯→J/ψgv〉 has the same shape as the mc = 1.5 GeV
case and increases with the temperature of the plasma. It is smaller than the destruction
rate up to T = 0.7 GeV. When mc = 1.87 GeV, which is larger than the production thresh-
old, the production rate is always larger than the destruction rate. The production rate for
mc = 1.87 GeV decreases as the temperature of the plasma increases, reflecting the decrease
in the production cross section away from the threshold. We also plot the rates for the case
with the dipole J/ψg → cc¯ cross section determined by Eq. (10) in Fig. (3). 〈σcc¯→J/ψgv〉 is
still larger than 〈σJ/ψg→cc¯v〉. However, because the peak value of the dipole cross section is
smaller than 0.3 fm2, also because the cross section is exclusive and decreases with s, the
rates are smaller than the constant cross section case shown in Fig. (3c).
C. Centrality and normalization
We will use the number of participants to characterize the centrality. The number of
participants is calculated in the Glauber model with hard sphere geometry according to
Npart(b) =
∫
d~s(tA(~s +
~b
2
)(1− exp(−σNN tB(~s−
~b
2
)))
+tB(~s−
~b
2
)(1− exp(−σNN tA(~s+
~b
2
))))
= 8ρN
∫ R− b
2
0
dx
∫ √R2−(x+ b
2
)2
0
dy(z0(1− exp(−2σNNρNz′0))
+z′0(1− exp(−2σNNρNz0))), (11)
In the above, σNN is the nucleon-nucleon inelastic cross section. We will use σNN = 40 mb.
The J/ψ central rapidity density is normalized to the number of binary nucleon-nucleon
collisions. We will plot B
dNJ/ψ
dy
|y=0/Ncoll, where B = 0.06 is the J/ψ to e+e− or µ+µ− decay
branching ratio, the number of binary nucleon-nucleon collisions is given by
Ncoll(b) = σNN
∫
d~stA(~s+
~b
2
)tB(~s−
~b
2
)
= 4ρ2NσNN
∫ R− b
2
0
dx
∫ √R2−(x+ b
2
)2
0
dyz0z
′
0. (12)
The number of participant nucleons and the number of binary nucleon-nucleon collisions
are plotted in Fig. (4).
10
0 5 10 15
b (fm)
0
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1000
1500
Ncoll
Npart
FIG. 4: The number of participant nucleons Npart and the number of binary nucleon-nucleon
collisions Ncoll as functions of the impact parameter.
D. Evolution of the gluon plasma
The evolution of the gluon plasma is described by the Bjorken model. We will use the
latest freeze-out time τf to characterize the lifetime of the plasma. Fig. (5) shows that
as the number of participant nucleons increases, the lifetime of the plasma increases. The
typical lifetime for a plasma with an initial gluon rapidity density of 300 and a freeze-out
temperature of 0.15 GeV is about 5 fm/c. Increasing the gluon rapidity density to 500 will
bring the lifetime to about 8.5 fm/c, while increasing the freeze-out temperature to 0.17
GeV will decrease the lifetime to about 3.5 fm/c.
The temperature in the central transverse cell at the initial time as a function of the
number of participating nucleons is shown in Fig. (6). It increases very rapidly when the
number of participating nucleons goes from 0 to 50 and changes only slowly when the number
of participating nucleons goes above 100. The typical initial temperature in the central cell
is about 500 MeV.
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FIG. 5: Freeze-out time τt as a function of the number of participant nucleons Npart.
E. J/ψ production results
J/ψ enhancement was predicted by Thews et. al using the kinetic formation model. The
PHENIX data excluded strong enhancement of the J/ψ particle. We are going to explore
the possibility of J/ψ suppression from the kinetic formation model. About 10 cc¯ pairs are
produced on average in each Au-Au event. We assume no strong initial state energy loss of
the produced cc¯ pairs. The rapidity range of the cc¯ pairs is taken to be ∆y = 4. Now we
vary the charm quark mass mc, and observe the effect of changing the dynamical equilibrium
of the J/ψ particle through the reactions cc¯→ J/ψg and J/ψg → cc¯.
The destruction of J/ψ or its precursor (the correlated cc¯ pair that produces a J/ψ
when there are no final state interactions) by collisions with incoming nucleons depends on
the cross section σJ/ψN . When the colliding nuclei are highly Lorentz contracted at high
enough energies, the nuclei pass through each other much earlier than the formation time
of a J/ψ. The J/ψ particle will not be strongly suppressed by the incoming nucleons. We
will use σJ/ψN = 0 to simulate this case. The centrality dependence of J/ψ yields are
shown in Fig. (7). When mc=1.3, 1.5, 1.7 GeV, the final J/ψ number is smaller than the
12
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FIG. 6: Initial temperature of the center cell as a function of the number of participant nucleons
Npart.
superposition of nucleon-nucleon collisions. The larger the cross section, the smaller the
final J/ψ number. When the J/ψ destruction cross section σJ/ψg goes up over about 5
mb, the curves converge. This gives the approximate dynamical equilibrium J/ψ value.
The equilibrium value appears to be independent of centrality for mid-central and central
Au-Au collisions. It increases with the charm quark mass mc. Also notice that mc = 1.7
GeV is larger than the J/ψ production threshold. However, the initial J/ψ is higher than
the equilibrium value, and the final J/ψ number is smaller than the initial. For mc = 1.9
GeV, The equilibrium value is larger than the initial J/ψ number and the final J/ψ number
increases with increasing J/ψ gluon cross section. In the J/ψ suppression case, the final J/ψ
number decreases with increasing centrality while in the J/ψ enhancement case, it increases
with increasing centrality.
The adaptive step size Runge-Kutta method is used in solving the evolution equation.
The transverse plane is divided into 20×40 cells (20 divisions in the x direction from−(R− b
2
)
to R− b
2
, and 40 divisions in the y direction from −
√
R2 − ( b
2
)2 to
√
R2 − ( b
2
)2). Results are
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FIG. 7: Centrality dependence of J/ψ central rapidity density per binary nucleon-nucleon collision
in Au-Au collisions when the suppression of J/ψ by incoming nucleons is negligible (σJ/ψN = 0).
Solid lines are for 20× 40 cells and dashed lines are for 10× 20 cells.
shown in Fig. (7) as solid lines. Dashed lines are for the 10 × 20 cell division case. They
agree well with the 20× 40 cell division results.
At RHIC energies, the number of J/ψ is much smaller than the number of charm-anti-
charm quark pairs. One can approximate the number of charm quarks at time τ by the
initial number of charm quarks, and solve Eq. (3) to obtain the solution
NJ/ψ(τf) = ǫ(τf , τ0)
[
NJ/ψ(τ0) +N
2
c (τ0)
∫ τf
τ0
λF (τ)dτ
V (τ)ǫ(τ, τ0)
]
. (13)
Here,
ǫ(τ, τ0) = exp
{
−
∫ τ
τ0
λD(τ
′)ρg(τ
′)dτ ′
}
. (14)
The approximation solution gives no observable difference when the J/ψ production rate is
small, for example, when mc = 1.3 GeV. When the production rate is large, for example,
14
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FIG. 8: J/ψ number evolution for central (b = 0) Au-Au collisions at
√
sNN = 200 GeV.
when mc = 1.9 GeV and σJ/ψg = 6 mb, it can overestimate the J/ψ yield (relative to the
exact solution) by about 4%.
We show the time evolution of J/ψ number in central (b = 0) collisions in Fig. (8).
When mc =1.3, 1.5, 1.7 GeV, the J/ψ number changes drastically before τ =1 fm/c. When
mc=1.7 GeV and σJ/ψg =5, 6 mb, the J/ψ value reaches the lowest point at about 1 fm/c,
then it increases slightly. This is because of the production of J/ψ in central cells. For
mc = 1.9 GeV, the J/ψ number changes over the entire evolution. The equilibration time is
larger than the system lifetime and results with different σJ/ψg values do not converge and
dynamical equilibrium of J/ψ has not been reached over the evolution.
To check the sensitivity on parameters, we change the gluon rapidity density from 300
to 500. Results are shown in Fig. (9). As the initial gluon number increases, the initial
temperature increases, more J/ψ’s will be destructed during the evolution. This leads to an
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FIG. 9: Centrality dependence of J/ψ central rapidity density per binary nucleon-nucleon collision
when σJ/ψN = 0 mb and dNg/dy(b = 0) = 500.
overall decrease of the J/ψ yield for all charm mass values. If we keep the gluon rapidity
density to be 300 and increase the freeze-out temperature from 0.15 GeV to 0.17 GeV, no
significant changes show up for mc =1.3,1.5, 1.7 GeV as seen from Fig. (10). This indicates
that the equilibration time is much longer than the time that goes from T = 0.17 GeV
to T = 0.15 GeV. For the mc =1.9 GeV case, especially for large σJ/ψg values, the final
J/ψ values decrease significantly. For example, when σJ/ψg = 6 mb, the final J/ψ value
for central collisions decreases from 0.31 to about 0.22. This shows that for the mc = 1.9
GeV case, the final J/ψ value is still far from equilibrium and the equilibration time is not
negligible compared with the time that goes from T = 0.17 GeV to T = 0.15 GeV.
To see the difference between the constant σJ/ψg→cc¯ case and the dipole form σJ/ψg→cc¯
specified in Eq. (10), we show the centrality dependence of J/ψ production in Fig. (11).
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FIG. 10: Centrality dependence of J/ψ central rapidity density per binary nucleon-nucleon collision
when σJ/ψN = 0 mb and Tf = 0.17 GeV.
The J/ψ centrality dependence in the dipole cross section case follows closely the constant
cross section case. It is between the two curves with σJ/ψg→cc¯ = 1.0 mb and σJ/ψg→cc¯ = 2.0
mb. The peak value of the dipole cross section is about 2 mb. The J/ψ yield is smaller than
the constant 2 mb destruction cross section case because the dipole cross section does not
have destruction by high energy gluons with additional radiation involved. The enhancement
relative to the superposition of nucleon-nucleon production when σJ/ψg→cc¯ = 2.0 mb is about
1.2 times larger than the enhancement when the dipole cross section is used, independent
of centrality. In other words, the dipole cross section case can be described by the constant
cross section case with an effective K factor. We notice that the dipole cross section and the
constant cross section have very different dependences on the center-of-mass energy (Fig. 2).
The above comparison indicates that the centrality dependence of J/ψ production reflects
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FIG. 11: Centrality dependence of J/ψ central rapidity density per binary nucleon-nucleon collision
when for mc = 1.87 GeV.
the overall production rate and can not differentiate between detailed cross section shapes.
Now we add in the Glauber suppression of J/ψ. We will first look at the σJ/ψN = 4.4 mb
case. For mc =1.3, 1.5, and 1.7 GeV, the final J/ψ values are still smaller than the initial
values as shown in Fig. (12). Because of the destruction by incoming nucleons, the final
J/ψ values and the initial are closer. For mc = 1.9 GeV, the final J/ψ values first decrease
with centrality and then increase with centrality. This centrality dependence differs from
the monotonic centrality dependence when mc = 1.3, 1.5, 1.7 GeV. Because of suppression
by the incoming nucleons, when σJ/ψg is small, the final J/ψ values are no longer larger than
the superposition of J/ψ from nucleon-nucleon collisions. If σJ/ψN is further increased to 7.1
mb, the initial J/ψ number after collisions with incoming nucleons is even smaller as shown
in Fig. (13). The range between the initial and final J/ψ values decreases for the mc =1.3,
1.5 GeV cases. For the mc = 1.7 GeV case, it goes below the equilibrium value and the final
state J/ψ equilibration increases the J/ψ yield. When mc = 1.9 GeV, the range between
initial and equilibrium increases.
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FIG. 12: Centrality dependence of J/ψ central rapidity density per binary nucleon-nucleon collision
when σJ/ψN = 4.4 mb.
IV. SUMMARY AND CONCLUSIONS
The J/ψ production in Au-Au collisions at
√
sNN = 200 GeV is studied in the framework
of the kinetic formation model. It is shown that when the charm quark mass mc is smaller
than some critical value, the J/ψ yield monotonically decreases with increasing centrality.
As σJ/ψg→cc¯ increases. the final J/ψ yield moves away from the value right after the Glauber
suppression by the incoming nucleons and approaches the dynamical equilibrium value. The
J/ψ production data from d-Au collisions at the Relativistic Heavy Ion Collider will help
to fix the Glauber suppression and the higher statistics Au-Au data will further help to
understand J/ψ-charm equilibration.
The current model does not have gluon nuclear shadowing. Further inclusion of shadowing
will decrease the number of charm quarks produced and lower the number of J/ψ’s produced.
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FIG. 13: Centrality dependence of J/ψ central rapidity density per binary nucleon-nucleon collision
when σJ/ψN = 7.1 mb.
Color screening [4, 67, 68, 69] will lead to more dissociation of J/ψ and more suppression of
final J/ψ yield. The inclusion of feeddown will lead to the same effect as higher charmonium
resonances are easier to be dissociated. Transverse expansion will lead to earlier freeze-out
and should not change the qualitative feature of J/ψ suppression. J/ψ-charm equilibration
in the hadron phase is beyond the scope of this paper. However, as the equilibrium value
in the hadron phase is smaller than the superposition of production from nucleon-nucleon
collisions, equilibration in the hadron phase will also lead to J/ψ suppression in Au-Au
collisions.
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